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Systems which can 

reason, make decisions, 
and perform advanced 

tasks
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AI

ML

Systems which can 
reason, make decisions, 
and perform advanced 

tasks

A type of AI where 
models learn how to do 

something from data

Large language models (LLMs) such as 
ChatGPT are a type of machine learning model 
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Types of machine learning
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Unsupervised Learning
Model training with unlabelled data

Machine Learning

Supervised Learning
Model training with labelled data

Reinforcement Learning
Model learns by trial and error and 

receiving feedback (rewards 
or penalties)
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Cleaning & feature selectionData inputs Modelling

Before AI can shine, the data needs to be solid

Filter data to remove 
unreliable values 

Use domain expertise 
to create signals

Fuels

Kiln Feed

Clinker 

Gas analysis

Operating limits

Temperatures

Fuel flows

Emission limits

APC setpoints

CHEMISTRY SAMPLING

PROCESS READINGS

CONTROL LIMITS
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Cleaning data: the unglamorous hero
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How does a model actually learn?
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Historical data
Training set

Test set
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Model training in practice: linear regression
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Predicted output Parameters

Input feature
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Model training in practice: linear regression
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How do we evaluate a model?

￭ Mean absolute error

￭ Mean squared error

￭ Directionality

￭ Out of bounds

￭ Comparison to a naive baseline
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Overfitting
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Overfit Right fit Underfit
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Types of models
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AI

ML
Linear regression

Neural network

Random forest

Softmax

Linear    

Multi-Head Attention

Add & Norm

Feed Forward

Feed Forward

Add & Norm

Multi-Head Attention

Output EmbeddingInput Embedding

Source Sentence Output Sentence

Positional Encoding Positional Encoding

Nx

Nx

Add & Norm

Add & Norm

Masked 
Multi-Head Attention

Add & Norm    

  

Output ProbabilitiesTransformer

Non-linear
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Explainability
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AI applied to cement: soft sensors
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Predictions every 5 minutes, instead of samples every 2 hours. Meaning control actions can be taken before the process 
drifts. 
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AI applied to cement: optimisers
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Controller recommends the 
target which provides the best 

performance

You set the priority with the 
AI Objective Function

Digital twin simulates the process 
evaluating all possible setpoints 

against the priority

You choose the goal. The optimiser finds the smartest path to get there.
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AI applied to cement: optimisers

18

Controller recommends the 
target which provides the best 

performance

You set the priority with the 
AI Objective Function

Digital twin simulates the process 
evaluating all possible setpoints 

against the priority

You choose the goal. The optimiser finds the smartest path to get there.

Alternate Fuel Use

Maximise Throughput 

Fuel Cost

OBJECTIVE FUNCTION

CO & NOx Limits

Blockage Risk

Clinker Quality
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AI applied to cement: optimisers
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Alternate Fuel Use

Maximise Throughput 

Fuel Cost

OBJECTIVE FUNCTION

CO & NOx Limits

Blockage Risk

Clinker Quality

Controller recommends the 
target which provides the best 

performance

You set the priority with the 
AI Objective Function

Digital twin simulates the process 
evaluating all possible setpoints 

against the priority

Every possible adjustment is tested, so the chosen setpoint is the best one for the whole system.
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AI applied to cement: optimisers

+0.5t | Calciner RDF

+0.13% Pre calciner 
oxygen set point
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Alternate Fuel Use

Maximise Throughput 

Fuel Cost

OBJECTIVE FUNCTION

Controller recommends the 
target which provides the best 

performance

You set the priority with the 
AI Objective Function

Digital twin simulates the process 
evaluating all possible setpoints 

against the priority

CO & NOx Limits

Blockage Risk

Clinker Quality

The optimiser chooses and sets the best setpoints automatically. 
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ML applied to cement: optimisers
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By maintaining kiln stability, the plant hits its TSR goals. 

Carbon Re offCarbon Re on
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Q&A



noah@carbonre.com
jessica@carbonre.com


